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ABSTRACT OF THE DISCLOSURE

Glass lasers wherein the glass is based on the silica-
alumina-magnesia-calcia glass system or the silica-alum-
ina-lithia glass system and containing a laseable amoynt
of neodymium oxide. The transparent glass lasers have
an average coefficient of lineal expansion of less than
about 65x10-7/° C.

This application is a continuation-in-part of my co-
pending application, Ser, No. 538,595 filed Mar. 30,
1966 and now abandoned.

The present invention relates to novel glass composi-
tions having certain valuable properties; and more par-
ticularly, glass compositions that exhibit laser action,
novel glass lasers, and process of producing same.

The term “laser” is an acronym for light amplifica-
tion by stimulated emission of radiation. A laser is a de-
vice capable of amplifying or generating coherent light.
Lasers emit highly monochromatic optical radiation in
the form of a narrowly plane wave with the beam angle
diversions theoretically limited by diffraction effects.
When a material exhibits stimulated emission of radia-
tion under a particular set of conditions it is said to lase.

The laser body can take various forms. For example,
it may be a small cylinder or rod, the end faces of which
are plane and may have an extremely high degree of
parallel accuracy. Also, the end faces may be cut so as
to be totally internally reflecting or cut to a Brewster
angle to decrease the reflection loss. One end of the rod
may be completely reflecting or highly polished and the
other of the end faces partially reflecting. It will be
apparent that the configuration and characteristics of
the laser body can vary widely. In operation, the laser
body is irradiated by suitable means such as a flash lamp
operating for a few milliseconds at a time with an input
energy of normally greater than about 100 joules.

In many instances involving actual operation of the
laser, most of the input energy is dissipated as heat and
only a small portion of the energy emitted by the source
of radiation is absorbed by the laser material. This energy
provides the excitation for the laser. The laser cylinder
funnels the energy which is absorbed over a broad spec-
tral region into a narrow emission line whose wave
length is a function of the laseable substance contained
in the laser host. Further information concerning lasers
will be found in the book entitled “Lasers—Generation of
Light by Stimulated Emission” by Bela A. Lengyel, John
Wiley & Sons, New York, 1962,

Because of their unique properties, lasers may be used
for a wide variety of purposes including scientific ex-
perimentation, use of light as a carrier for intelligence
and use of light for concentrations of power for tech-
nological and military purposes. To illustrate, in the
field of communications, it has been estimated that un-
der proper controls an extremely potent information car-
rier could be achieved and under ideal conditions a single
laser could replace all of the information carrying sys-
tems between East and West coasts of the United States.
In addition, because of its extremely narrow beam, a
Jaser is suitable for point-to-point communications in
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space where atmospheric attenuation does not interfere
with the propagation of radiation. Other applications for
lasers include surgical and biological applications, con-
trol over chemical reactions, and various other purposes.
Recently, lasers have achieved wide attention and it is
generally acknowledged that they represent an extremely
valuable tool for a great many purposes.

One of the disadvantages of previously known lasers
is the fact that large energy inputs in a small amount of
time are required to produce laser action which results
in severe thermal distortion to the laser host. Conventional
materials utilized as the host for laseable substances have
extremely poor characteristics in this respect. Any mate-
rials possessing relatively large coefficients of thermal ex-
pansion would be undesirable for lasers in many applica-
tions. The enormous amounts of heat which are absorbed
by the host tend to cause considerable thermal distortion
and changes in the optical path of the host. As a result,
these effects may cause breakage or interfering laser
modes.

Accordingly, it is the object of the present invention
to provide novel laseable glass compositions which di-
minish the disadvantages and the drawbacks associated
with prior known methods and compositions.

It is a further object of the present invention to pro-
vide low expansion laser hosts which do not undergo
large changes in dimension with changes in temperature.

1t is a further object of the present invention to provide
glass laser compositions which exhibit a relatively low
coefficient of thermal expansion.

It is a further object of the present invention to pro-
vide a method for making laseable compositions which
diminish the disadvantages and drawbacks of prior known
methods and compositions.

It is a further object of the present invention to pro-
vide a method for making lasers wherein the host com-
position has a relatively low coefficient of thermal
expansion.

In attaining the above objects, one feature of the pres-
ent invention resides in a novel glass composition con-
taining a laseable substance and which exhibits a rela-
tively low coefficient of thermal expansion.

A further feature of the present invention resides in
laseable compositions wherein the glass host is a selected
composition of the silica-alumina-lithia system

(Si0y-Al,05-Liz0)

having a relatively low coefficient of thermal expansion.

A further feature of the present invention resides in
relatively low expansion laseable glass compositions
formed of the silica-alumina-lithia system and as the
laseable substance, neodymium oxide (Ndy03).

A further feature of the present invention resides in
laseable compositions wherein the glass host is a selected
composition of the silica-alumina-magnesia-calcia system
(Si02-A1203"MgO-CaO).

A still further feature of the present invention resides
in novel lasers formed of a glass composition selected
from the silica-alumina-magnesia-calcia system having
dispersed therein a sufficient amount of neodymium
oxide.

A still further feature of the present invention resides
in novel lasers wherein the host is formed of selected
glass compositions possessing a relatively low coeffi-
cient of thermal expansion.

The above as well as other objects, features and ad-
vantages of the present invention will become apparent
from the following detailed description thereof.

It is known that one of the significant drawbacks of
lasers is the fact that large energy inputs are required to
produce laser action and that the energy absorbed by the
host is mainfested by considerable development of heat
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which tends to create rapid dimensional changes and may
even cause rupture of the host material. According to the
present invention, the energy absorbing capacity and the
life of lasers can be improved and the range of applica-
tions for which lasers have heretofore been used can
be considerably extended. Lasers of the present inven-
tion resist rapid dimensional changes when subjected to
heat and hence markedly increased service life because
of elmination of breakage is achieved.

According to the present invention, novel glass laser
compositions having relatively low coefficient of thermal
expansion are provided, such coefficients being under
about 65x10~7/° C. and generally being about 40 to
60 10-"/° C. The glass host material is selected from
systems containing silica and alumina and specified other
ingredients. Examples include the silica-alumina-lithia
system and the silica-alumina-magnesia-calcia system.
The lasers are prepared by dispersing in the glass as the
laseable substance, a sufficient amount of neodynium ox-
ide. The amount of neodynium oxide incorporated into
the laser host glass is not narrowly critical, but generally it
will be in the range of about 1 to about 4%, and up to as
high as about 8% by weight of the total composition.

Compositions that may be used for purposes of the
present invention are glasses selected from the silica-
alumina-lithia system comprising the following ingredi-
ents in percent by weight based on the total composition:

Component— Percent range
SiOg o 54-80
AlOs 4-345
Ca0 0-5.5
Zn0 0-1.3
BaO o 0-10.1
LisO 3.9-5.5
NayO 0-10
Z10q L 0-5
Ti0y e 0-1.8

The neodynium oxide is then added to the host ma-
terial in varying amounts, for example, 1-4% or more by
weight. It will be apparent that the properties of the re-
sulting laser will depend in part on the choice of host
composition.

Futher included among the host compositions for pur-
poses of the present invention are glasses selected from
the silicia-alumina-magnesia-calcia system containing the
following ingredients in the indicated approximate
amounts based on the weight of the total composition:

Component— Weight range
8108 e 54-80
ALOS e 4-20
MgO 4-10
Ca0 0-5.5
NagO o 0-10
2100 e 0-5
BaO o 0-10
TiOg cemem e e 0-18

in which MgO-+4-CaO+BaO-Na,0 must total at least
about 19 weight percent. The neodymium oxide is then
added to the host glass material in varying amounts in-
cluding, for example, 1-4% or more by weight.

Further examples of glass laser compositions of the
present invention are shown in the examples which fol-
low hereinafter below.

The various raw material compenents of the glass com-
positions can be in various forms such as oxides, carbon-
ates and the like. A melt is prepared by mixing the com-
ponents together and dispersing the neodymium oxide
therein. Minor amounts of other ingredients may also be
present in the melt provided that their presence does not
adversely affect the final composition or the desired end
properties. It is important that the iron content be kept
very low in neodymium laser glass as FeO has an absorp-
tion band that overlaps the lasing wave length of 1.06u.
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The level of iron in the glasses prepared ranged from
about 25 to 50 p.p.m. Fe;03. The tolerable upper limit to
this value is probably about 100 p.p.m. Fe;Oj.

EXAMPLE I
Compenent— Weight percent
S10g e 65.4
ALy oo 20.9
Ca0 2.7
N0 13
Li50 o 3.9
ZrOg e 2.0
BaO o 1.8
NAgO5 — e e e e 2.0

The foregoing composition was melted from reagent
grade raw materials to a high optical quality. Rods of
about %2 inch diameter by 4 inches long were prepared
from the melt. The ends of the rod were polished to a
close tolerance and the rod was then placed in the laser

system and operated satisfactorily.
EXAMPLE 1II

Component— Weight percent
SI0g e 63.4
AlyOg e 20.9
BaO 4,0
Lig0 e 3.9
T10g oo ol 1.8
Zr02 __________________________________ 2.0
NdgO3 oo 4.0

A melt was prepared having the above composition using
reagent grade raw materials, The melt was observed to
have high optical quality. After annealing, rods were
prepared from the melt. The rods had a dimension of %2
inch diemater by 4 inches long. The ends of the rods were
polished to close tolerance and then several rods were
placed in a laser system and tested and found to be satis-
factory.

EXAMPLE IIL
Component— Weight percent
IOy e e 54.2
AlgO3 e 34.5
LigO oo 5.5
ZI'OZ ___________________________________ 20
TiOg o 1.8
NAyO3 oo e 2.0

Reagent grade raw materials were used to prepare the
melt having the theoretical composition set forth above.
The melt was annealed and rods were prepared from the
melt. The rods have the same dimension as that shown in
the previous examples. The rods were tested in the laser
system and found to be satisfactory.

EXAMPLE 1V
Component— Weight percent
3o T 59
ALO3 e 19
MgO - e e 4
Ca0 e 55
BaO c e 10.1
NdgO3 oo e 2.0

The above composition was prepared using the same pro-
cedure as used in the foregoing examples. The laser rod
was made from the composition and found to be satis-

factory.
EXAMPLE V

Component— Weight percent
510y oo e 70
Al,O, e 4
MEO e 10
Nazo _______________ 10
ZI'OQ e e i e e 5
NAY03 e e 1.0

A laser having the above composition was prepared ac-
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cording to the general method described previously and
tested in the laboratory laser apparatus and found to be
satisfactory.

EXAMPLE VI
Component— Weight percent
108 e 80
AlgOg 5
Ca0 = 5
200 e 1
Lig0 o 5
Na20 ___________________________________ 3
NdyO3 o 1.0

The above composition was prepared according to the
method described above and formed into a laser rod of
appropriate dimensions.

What is claimed is:

1. A transparent relatively low expansion glass laser
consisting essentially of the following composition in parts
by weight:

Component— Weight percent
10 e e 54-80
AlyOg e 4-345
Ca0 e 0-5.5
ZN0 0-1.3
BaO e 0-10.1
Lig0 o 3.9-5.5
NGO e 0-10
Z10g e 0-5
Ti0g e et 0-1.8
NAgOg e 1-8

2. A transparent relatively low expansion glass laser
consisting essentially of the following composition in
parts by weight:

Component— Weight percent
S103 e e 54-80
AlCy o 4-20
MEO e 4-10
Ca0 e 0-5.5
N0 o 0-10
ZrOg e 0.5
BaO e 0-10
TiO3 e e e 0-1.8
NdgO3 oo 1-8

in which the total amount of MgO-+CaO+BaO+-NayO
must total at least about 19 weight percent.

3. A transparent low expansion glass laser as defined
in claim 1 consisting essentially of the following com-
position in parts by weight:

Component— Weight percent
Si05 e ——————— 65.4
AlOg e 20.9
Ca0 e e 2.7
N0 e —— e 1.3
LisO e 3.9
ZI'OZ ___________________________________ 2.0
BaO e 1.8
NdgO3 oo 2.0

4. A transparent relatively low expansion glass laser
as defined in claim 1 consisting essentially of the follow-
ing composition in parts by weight:

Weight percent

Component —
S10g e 63.4
ALy e 20.9

10

20

25

30

40

45

50

55

60

65

6
Component— Weight percent
L1900 3.9
ZE0g e 2.0
BaO 4.0
NdgOs e 4.0
Ti0g oo 1.8

5. A transparent low exp‘ansion glass laser as defined
in claim 1 consisting essentially of the following com-
position in parts by weight:

Component— Weight percent
SiOy L 54.2
AlyOs 34,5
Lis0 e 5.5
ZI'OZ __________________________________ 2.0
TiOg 1.8
NA303 e o oo 2.0

6. A transparent low expansion glass laser as defined
in claim 2 consisting essentially of the following com-
position in parts by weight:

Component— Weight percent
Si0g 59
AlLO; o 19
MEO e 55
BaO e 10.1
NdoO3 oo 2.0

7. A transparent low expansion glass laser as defined

‘in claim 2 consisting essentially of the following com-

position in parts by weight:

Component— Weight percent
8109 70
AlyOs oo — 4
MEO e 10
NagO oo 10
ZI'02 ___________________________________ 5
NA303 oo e 1.0

8. A glass laser composition as defined in claim 2 con-
sisting essentially of the following composition in parts
by weight:

Component— Weight percent
e N 30
AlOs e 5
Ca0 5
InO 1
LisO e 5
NaZO ___________________________________ 3
NAgOg o e 1.0

9. A transparent glass laser as set forth in claim 1
wherein the average coefficient of thermal expansion is
less than about 65X 10-7/° C.

10. A transparent glass laser as set forth in claim 2
which has an average coefficient of thermal expansion of
less than about 65X 10-7/° C.
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